The Pithraj seed has been collected from Gazipur district, Bangladesh. The oil from the seed was extracted by using Soxhlet apparatus using petroleum ether extraction method. Maximum yield of oil was found to be 50 % when the process was carried out for 2.5 hours. The physicochemical properties of the extracted oil were studied. The properties of the oil reveal that the oil corresponds to diesel except acid value and sulphur content. The optimum conditions of the transesterification of the oil was 40% ethanol and 0.45% KOH at 75 0 C for 1.5 hours. The optimum yield was more than 95 %.
Introduction
The current fossil fuel-based economy is not sustainable because of environmental impacts, economic dependence and energy security issues. Today 86% of the world energy consumption and almost 100% of the energy needed in the transportation sector is met by fossil fuels (Dorian et al., 2006) . The production and consumption of fossil fuels have caused the environmental damage by increasing the CO 2 concentration in the atmosphere (Westermann et al., 2007) . One-fifth of the global CO 2 emissions are created by transport sector (Goldemberg, 2008) , which accounts for some 60% of global oil consumption (Anonymous, 2008) . Around the world there were about 806 million cars and light trucks on the road in 2007 (Anonymous, 2007) . These numbers are projected to increase by 1.3 billion by 2030 and to other 2 billion vehicles by 2050 (Anonymous, 2004) . These growths will affect the stability of ecosystems and global climate as well as global oil reserves ). There are active research programs to reduce on fossil fuels by use of alternative and sustainable fuel sources and thus to increase the time over which fuel will still be available (Namasivayam et al., 2010) . As an alternative to petroleum based transportation fuels, bio-fuels can help to reinforce energy security and reduce the emissions of both green house gases (GHSs) and urban air pollutants.
At present bio-diesel is a suitable renewable substitute for petroleum based diesel. Pithraj seed oil is easily available in many parts of the world including Bangladesh and is very cheap compared to other sources. The non-edible renewable pithraj (Aphanamixis polystacya) oil can play a vital role in the cultivation of alternative substitute to diesel fuel. The climate and soil condition of Bangladesh is also suitable for the cultivation of this plant. Literature shows that the yield of oil from pithraj seed is about 40-45% which is higher compared to other non-edible seeds like rubber seed (31.8%) and others (Gui et al., 2008) . If the developed process is scaled up to commercial levels, then excellent business opportunity will be offered by the bio-diesel and could be a major step towards the creation of an eco-friendly transportation fuel. By increasing pithraj plantation in Bangladesh, we can meet our demand. Finally, the by-product of transesterification can also be used in the soap industry. The present investigation includes: preparation of bio-diesel from pithraj seed oil, optimization of different parameters for maximum bio-diesel production, determination of properties of pithraj seed oil and prepared bio-diesel and comparison of the fuel properties of conventional diesel with prepared bio-diesel.
Materials and methods

Oil Extraction
Pithraj seeds were purchased from local market of Gazipur, Bangladesh and dried properly in the sun for several hours and then grinded. Then ground powder was screened to separate the coarse ones and which was again grinded for homogeneous. Extraction of oil from the powders using petroleum ether as solvent was then carried out in Soxhlet apparatus at 60-80 0 C and at reflux temperature of solvent. After extraction of oil, the solvent petroleum ether was separated and solventfree oil was obtained. The oil was found to be viscous and dark brown in color. The oil was directly used as main raw material for bio-diesel production. The properties of the oil were then determined and recorded.
Determination of the fatty acids and fats
The acid value of the reaction mixture was determined by a standard acid-base titration method using a standard solution of 1.0 M KOH solution. Biodiesel productions prior to transesterification, acid esterification of the oil was required to reduce (~57%) the free fatty acid. The ethanol and catalyst conc. H 2 SO 4 mixture was then charged into a 2-neck closed reaction vessel and the raw oil was added. The reaction temperature was around 70 0 C at agitation rate 400 rpm for 2 hours. After completion of transesterification, ethyl ester was separated from mixture of ethyl ester and glycerin. The mixture was taken in a separating funnel and left for 16 hours. The mixture was separated in two layers, bio-diesel as the top layer and glycerin as bottom layer. Glycerin layer was withdrawn and required product was obtained. Washing of bio-diesel is necessary to remove the soluble components. Hot water was sprayed on top of the bio-diesel. Then it was allowed to settle down. The product was dried using a vacuum evaporator at 80 0 C and pressure was 180 atm. pressure. After drying the product became clear. After purification of bio-diesel, the fuel properties of bio-diesel were determined by laboratory method. To determine the properties of bio-diesel produced from Pithraj seed oil, different ISO standard methods were used.
Other parameters
All the parameters for fuel properties were estimated by ISO standard methods such as density at 15 
Results and discussion
Optimization to extraction of oil
After extraction of Pithraj seed oil by solvent extraction method, optimization of the method was performed. (Table I) , it is clear that, higher percentage of oil per gram of sample was obtained when the extraction process was conducted with an excess of solvent. In addition, the extraction also requires an excess of time. An optimized point considering both amount of solvent and time for maximal yield of oil was obtained. when 600 mL of solvent was used and the process was carried out for 2.5 hours. 
Physicochemical properties of Pithraj seed oil
After extraction of oil from Pithraj seeds, the physicochemical properties of the oil were determined according to the standard procedure. Table II. shows the properties of the Pithraj seed oil.
Effects of different factors on production of biodiesel
Bio-diesel was produced using Pithraj seed oil by transesterification process. The yield of bio-diesel depends on a number of factors which affect the transesterification reaction.
Effect of change of ethanol to product yield
The effect of change of molar ratio of ethanol to oil was optimized. The amount of catalyst KOH was kept constant at 1 % of oil. The temperature was fixed at 60-65 0 C. Under this condition the percentage of ethanol was varied to get maximum yield of biodiesel (Table III) .
It is found that with the increase of ethanol on percent weight of oil, the percent yield of biodiesel also increases up to about 99 %. Further addition of ethanol the percent yield of biodiesel decreased. The optimum amount of ethanol to get maximum yield of biodiesel was about 40% of the weight of oil taken. The optimization of ethanol for maximum biodiesel yield is shown in (Fig. 1) .
Effect of variation of catalyst to product yield
To optimize the amount of KOH the percentage of ethanol was maintained at 40 % of ethanol on the wt % of oil taken. The temperature was also kept constant. In this condition, the reaction were carried out with KOH catalyst at concentrations 0.15, 0.25, 0.35, 0.45, 0.55, 0.65 and 0.75 % in order to determine optimum condition for the biodiesel production from the oil. The maximum yield of biodiesel was found to be at 0.45 % KOH concentration as shown in (Fig. 2) .
Effect of variation of temperature on product yield
For the optimization of temperature, the percentage of catalyst and ethanol under maximum liquid condition considered constant and the temperature were found to be varied. The biodiesel production by transesterification was also studied at 55, 60, 65, 70, 75 system was maintained at 75 0 C which is just below the boiling point of ethanol as shown in (Fig. 3) . Further increase of temperature caused the yield to decrease because the ethanol started to boil and became separated from the reaction system.
Effect of variation of reaction time on product yield
All variables except reaction time were kept constant in their optimum value. The transesterification reaction was continued for different period of time such as 30, 60, 90 and 120 minutes respectively. Then the product yield was observed. The result of this optimization is shown in (fig. 4) . It is found that with the increase of duration of reaction, the yield of bio-diesel shows increasing phenomena, eventually increase to give maximum yield about 94 %. when reaction took one 1.5 hours.
Although, further reaction time should raise the conversion percentage, it actually caused to decrease in yield %. The reason might be prolonged time of stirring, that cause problem in phase separation. Moreover, the longer duration of a reaction process was not considered feasible.
The optimum conditions for biodiesel production from pithraj seed oil can be summarized as follows: The overall transesterification reaction requires about 40% of ethanol on the basis oil taken; catalyst (KOH) with a concentration is 0.45% of the oil and a fair reaction time of 1.5 hours at a temperature of 75 0 C with moderate stirring rate. The optimum yield is more than 95 %.
Characteristics of bio-diesel from Pithraj seed oil
The bio-diesel obtained was then characterized by the established methods. Table IV describes the fuel characteristics of bio-diesel from pithraj seed and also gives a comparison of obtained bio-diesel with conventional diesel fuel.
FTIR analysis
To determine the functional group of extracted pithraj seed oil, FTIR Spectroscopic analysis method was employed (Fig.  5.) . Appropriate quantities of KBr and pithraj seed oil (in the ratio of 100:0.1) were mixed by grinding in an agate mortar and pellets were made with about 100 mg mixture. FTIR spectra were recorded with FTIR 8400S Shimadzu Spectrophotometer in the range of 4000-400 cm -1 . Resolution was kept at 2 cm -1 and the no. of scan was 30 times. The major peaks are in the region of 1710.89 cm -1 and 2925.10 cm -1 . So FTIR spectroscopic analysis shows that the main functional groups of pithraj seed oil are carboxylic acid (C=O) appears as main peak in 1710.89 cm -1 region and alkanes (C-H) that appears in 2853.73-2925.10 cm -1 (Table V) .
Functional group analysis of Pithraj seed oil bio-diesel
Functional group analysis of the obtained bio-diesel was determined by the same method (Fig. 6 ) which was performed for pithraj seed oil. The ratio of KBr and bio-diesel was 100:0.1. Major peaks are at 1743.68 cm -1 , 2854.70 cm -1 and 2929.06 cm -1 . So the main functional groups of pithraj seed oil biodiesel are ester (C=O) appeared in 1743.68 cm -1 and sp 3 alkyl (C-H) that appears in 2800-3000 cm -1 region (Table VI) .
Thermo-gravimetric analysis
Thermo-gravimetric Analysis is a technique in which the mass of a substance is monitored as a function of temperature or time Bio-diesel from Pithraj seed oil 50(2) 2015 138 as the sample specimen is subjected to a controlled temperature program in a controlled atmosphere. An alternative definition of TGA can be stated as, TGA is a technique in which upon heating a material, its weight increases or decreases. A simple TGA concept to remember is TGA measures a sample's weight as it is heated or cooled in a furnace. In TGA, a derivative weight loss curve is used to tell the point at which weight loss is most apparent. A TGA thermal curve is displayed from left to right (Fig.7) . The descending TGA thermal curve indicates a weight loss occurred.
Fig. 4. Effect of Reaction time on the % yield of Bio-diesel
The results from TGA experiments of produced biodiesel are shown in the temperature vs. TGA % curve in a wide temperature range ( 
Conclusion
The Pithraj tree is available in different parts of Bangladesh. Particularly it abundantly grows in Bangladesh. The percentage of oil in its seed is higher (50%) compare to other non-edible seeds of bio-diesel such as rubber (31.8%) seed. The optimum condition for transesterification is 40 % ethanol and 0.45 % KOH catalyst and the reaction temperature and time is 75 0 C and 1.5 hrs respectively. The physicochemical properties of the base oil are correspond to diesel except acid value and sulphur content. But after transesterification the oil became suitable to use as a substitute of diesel. Bangladesh does not have any petroleum resources, so this type of renewable fuel will be very helpful to solve our present fuel oil crisis.
